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FIELD OF THE INVCOTIOM 
The Present i^ention involves antibodies that are 
U> Erected against glycolipid antigens on the surface of' 
t«or cells, and <b> capa51e of activating complem , nt 

mediating an antibody-dependent cellular cytotoxicity 
resulting in the l ysis of tne tumor ^ ^ ^ ^ 

antibodies bind. The antibodies of the present invention can 
be used m the tre*t-.«nt of tumors. 
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2. BACKGROUND OF THE INVENTION 

2 ' 1 ' TUMOR CELL ANTIGENS AND ANTI-TUMOR ANTIBODIES 
Tumor cells express certain antigens which are absent 
5 from, or present in small amounts on, their normal cellular 
counterparts. Most of these are differentiation antigens, 
shared by the tumor and certain embryonic cells. Some or the 
antigens that appear with sufficient selectivity in tumors 
may serve as possible targets for therapeutic agents. This 
10 has been recently, reviewed for malignant melanoma, which is 
one of- the human tumors most studied in thi s -respect- 
(Hellstrom and Hellstrom, in Accomplishments - in Cancer 
Research-194 Prize Year, General Motors*l:7nl:^T~Resear'ch" 
Foundation, J.G. Fortner 4 J . E.~ Rhoads , eds./ J . B." TippTncott 
15 Company, Philadelphia 1985, p 216-240, as well as for other 
tumors (Burchell and Taylor-Papadimitriou, in R.w. Baldwin' 
and V.S. Byers, eds., Monoclonal Antibodfis~foF- Tumor 
Detection and Drug Targeting, Academic Press ,-.1.985 "pp". 1-15 ; 
Kemshead, ibid , pp. 281-302). " " 

Many antibodfes have been made to ceil surface antigens 
that are expressed in greater quant-it-tes-by-human-tumor-s than 
by normal tissues. it has also been well established that 
antibodies to cell surface antigens can be cytotoxic to tumor 
cells in the presence of complement (Hellstrom et al., 1962, 
Progr. Allergy 9: 158-245), and that some antibodies can 
mediate antibody-dependent cellular cytotox ic ity " ( Perlmann 
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et al. f 196 9, Adv. Immunol. 11: 117-193; MacLennan et al . , 
1969, Immunol. 17: 897-910; Skurzak et al., 1972, J. Exp. 
Med. 135: 997-1002; Pollack et al . , 1972, Int. J. Cancer, 9: 
316-323). In the first case, an appropriate source of 
complement (generally rabbit or guinea pig), and in the 
latter case a source of effector cells (generally of mouse 
origin) is needed. 

The evidence that antibodies to tumor-associated 
antigens can kill human tumor cells in the presence of human 
effector cells is more recent (Hellstrom et al., 1981, Int. 
J. Cancer 27: 281-285; as is the evidence that antibodies to 
such antigens can kill tumor cells, in the presence of human 
serum as a source of complement (Helistrom et al-, 1985, 
?roc. Natl. Acad. Sci . 82: - 1499-1502; Hellstr-om et al., 1985, 
Monoclonal Antibodies and Cancer Therapy, USCLA Symposia on 
Molecular and Cellular Biology, Vol. 27, pp. 149-164 Alan R. 
Liss, Inc., NY). • = -. 



2.3. THERAPEUTIC USES" OF ANTI-TUMOR 
ANTIBODIES AS CARRIERS OF 
RADIOISOTOPES, TOXINS OR DRUGS 

Attractive approaches for-pr-epari-ng -anti-cancer agents 

involve labeling antibodies with radioactive isotopes (Larson 

et al., 1983, J. Clin.. Invest. 72: 2101-2114; Order, 1984, 

Compr. Ther. 10: 9-18; Carrasquillo et al . , 1934, Cancer 

Treatment Reports 68: 317-328; de Nardo et al . 1985, Int. J. 

Radiation Oncology Biol. Phys. 11: 335-348) , : -or conjugating 

antibodies to toxins (Jansen et al., 1982, Immunol. Rev. 62: 

185-216; Vitetta and Uhr, 1984, Transplant." 37: 5.35-538) or 

anti-cancer drugs .Ghose et al., 1972, Brit. Med... J, 3: 495-. 

499; Hurvitz et al., 1975, Cancer Res. 35: 1175-1181; Rowland 

et al., 198 5, Cancer Immunol. Immunother." 19: 1-7). The 

antibody gives the specificity and the isotope or drug 

provides the ability to destroy the tumor. However, . a. 

disadvantage of this approach is the fact that both anti- 
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cancer drugs and radioisotopes have a high level of toxicity 
to normal tissues. Thus, nonspecific uptake in various 
organs such as kidney, liver, or bone-marrow could lead to 
substantial side-effects. 



3. SUMMARY OF THE INVENTION 
The present invention is related to antibodies which are 
directed to glycolipid antigens at the surface of tumor cells 
and which belong to a class of immunoglobulin capable of 
activating serum complement and/or mediating antibody 
dependent cellular cytotoxicity by human effector cells. T he 
antibodies of the present invention can lyse the tumor cells 

■ expressing these antigens both in vitro and in vivo . 

— ~.V,»?_invention is 6lso directed to methods for treating 
tU - mo I s ^2. using the antibodies of the present invention 
as therapeutic agents. After administration in vivo, the 
antibodies of the present invention should bind 

preferentially to the tumor cells which express the 

-ja.lycoli.pid antigen. Upon binding to the tumor cell, eithe- 
serum complement will be activated or antibody dependent 
cellular cytotoxity will be mediated resulting in lysis of 
the tumor cells. 

Th-e-method of the present invention offers several 
advantages over techniques which involve the use of 
antibody-conjugates, because radioisotopes and/or toxins 
which may exhibit a high level of toxicity to normal tissues, 
are not required. Moreover, nonspecific uptake of the 
unmodified antibody molecules of the present invention by 
normal tissues should result in minimizing side-effects of 
the therapy . 
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3.1. DEFINITIONS 
The terms listed below wU1 have the m ^ 

ADCC - antibody dependent cellular cytotoxicity 

that is capable o £ mediating the 1 sis oV £ * 
10 which the antibody molecule binds. More spec Jilln " 

antibodies should belong to a subclass ot a" pTl" „ " 
complexing »it„ the glycolipid tumor-associated 
activates serum complement and/or mediate. antL " 

""^ <«8 b» active ^ ^ 

,5 «ch as nature! Uller ceUs or macrophages — 
The present invention is also directed t n » k 
these antibodies. i„ their native £ orm £o ? k «°7t V 

tumors. For ex Amnio - tnerapy of human 

roi: example f many IaG2a anH T«r-a 

Kenti.y tumor-assoliated ceU s^IycXT" 

Since many tumor-associated glycolipid antics ex s 
(Haxomori, l 984 , Ann . Sev . , « » «»« 

antibodies, iixe L . described herein, re t wh I "°" 
spectrum o £ human tumors, the antibodies andi ^ 
25 therap.„ tl c use have general applicability. 

M0LECULt5 Of THE T „ vr „ TT „ ti 
Biological activity o £ antibodies is kn^„ . k 

antibody molecule (Uanue and Ben.cerraf l,L V I 
I-nology. 2nd Edition. Williams . wxL, V » " 
238). This includes their abilitv t„ \ PP- " 8 " 

to mediate antibody-dependent , <°»Pl—t and 

e ££ ect.d by natural kill r " <ACCC, as 

|5 "ural klU r cells or macrophages. Antibodies 
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of different classes and subclasses^ dif re- in this 

and, according to the nres.n^ • • Aspect, 

5 X 0G2a class are I : £ °" e ! raUn °' l0bUUnS ° £ 1953 »° 

Mn dl „ g to the targ p ce ° s t :r in5 " run compiMent ^ n 

antig.n. * 1Ch " pce " the "gnat. 

In general, antibodies of fh« t 

and occasionally I Q G1 cln J ° IflG3 SUbclass 

AX J xgci can mediate a Dec » n /4 *w 

0 I9G3. Ig G2 a and I gB subclasses hi J - abodes of the 

eo.pl„». t . Cogent ." " !„ iC " V " e 

binding o£ at * " S.nerally reguir.s the 

the target c.l " L '» ^"' P™, on 

The present invention is based, TnWt ' " — 

°is=over y .that the effectiveness of tulr l u^is"' 
by a particular antibody subclass varies V \ "edited 
type of tu»or antigen aoainL T ! Up °" th » 

For exa^le. »e have idL t " - ^ibodvis^rected . 

•ntibodies ir.c«d .g i„ t t 1 ""^ ^ ^ 

ctea against tumor cell surf*,-^ ~i 

antigens which can ».di,t. the kiUino o£ th ° " P " 
cells in the presence of either „uL„Y " 
c-Pl«.t or hu»an ^ ^ ^1^^ 

cells. Bv cnnfr.rf « , urce °* effector 

oy contrast, antibodi*» e *v 

•« —ted against prote t gen 'on"^"^ 1 '" ""^ 

are ineffective. the Same tum °r cells 

of ^:^:iz:r ticulav antibody - ^^ is 

can be assa ye ing h ^"Tr" 

examples herein ^ Wu. d..ctlb,d in th." - 

P es herein. Accordingly, the tumor cells 0 f ,• * 
can be grown and labeled in vitro- th • Merest - - 

the tumor cell culture i„ ~ £2 -' the "tibody is added to " " 

culture in combination with 
complement or with lvmnh«, . her serua 

antigen antibody^ ^ ^i^f 'theT^ * 
«Us is detected by . the rei.ase JZ£ . 
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cells. in fact, antibodies can k- 

Patient's own seru m as a so , USinS the 

iy m pho= yt es. The an b : d ::: t ° f ™— .«-/« 

-ple.ent . .e.iatin, I C ^.T"* ° f "V-"- 
5 use, therapeutically J ^ ^^^r - — * 
Antibodies of virtually , - patlent - 

associated glycolioid anticen end 

,0 continuous, ample , °"« th « "ventage o£ , 

tumor-associated glycolLd . I " lm " uni2i "» «*et with 

*a k i„g antibodies to rant" 19 " 5 »*««-.. 

"akin, antibodies which can , ' " leCti " a "W"—. 

k Can lvse tumor cells in #•»,» 

!* hU " an ."^.-Procedures sim l ar to t h " 

,5 descnbed herein, it should be possible T 

* ° f -"^"apabU- of reac 1M ^ WW, "» h 

Urge. variety of human -tutors,- ■ " 9 *"* l ^"<> * 

Wilt the invention i. demonstrated usi„ n 
-noclonal antibodies, the invention U no 7"" 
20 human , n trtodi^.^y b e used and „ 

preferable. Stth aSTTir-~- - y prov * t0 "« 

*ybrido»as <cot e lP;;; 3 ca ; be ■* t * i »- ^ »-„ 

2026-2030) or by tri 9 "' ^ * Nitl ' A «° • Sci, 50 , 

^ <coie « l r::'" s v ceus * uh 

25 Cancer Therapy, Alan R . Liss , ~J Antxbodxes anc 

to the invention, techniques recentlv 1 , ' aCCOrdin 9 

production of "chi^ri, 5 recentlv developed for the 

01 cnimeric antibodies" fM«^f 
*»c. satl. Acad, sci, 81- 6.S1 «« " 1984 ' 

"84. Nature 312= ^ ,.' " k " \ ' ,■"*«■« « al., 

of appropriate antigen- .pLfIc 4 \ """^ '"""o' 3 ' »»l«ul. 
human antibody mol.cuL of app o^teTl * 
(such as ability to activat. h "^loal activity 

=a"n be used, b ^ ITT' ~ 
S -is invention. M long as « 
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glycoiipid antigens and can mediate ADCC uith 

e.ll. and/or activate hunan con.pl.Mnt. «--e=tor 

4 - 2 - THgRAPSUTIC USES OF TMF i utt T j-. 

The methods of the present invention can be used to 
apply antibodies for the therapy of tumors by administer^ 
the native antibody in an amount sufficient lo cause 
reduction of the tumor by lysis of the tumor cells whethe- 
the mechanism be complement activated lysis or A*cc 

The selection of an antibody subclass for therapy win 
depend upon the nature of the tumor antigen, For eamole 
I 9 « may be preferred in situations wher.'the 9 1 co ^ " 

ft. the tumor targeted Leiy 
occurs on normaUcells. However, where th. . 
" antr^lsV ..p-ressed in ^ZZ.^TTZV 
ever levels. tne lie -subclass may be preferred « "e 
"°7 """" "» "n«n, of at least two ^ SG ' 

m0le ."^ n »^ired to activate 5 

complem^t^iess complement mediated damage may oc-ur in th 
normal tissues which express smaller amounts of the , 
and therefore, bind fewer Xgc antibody macules 
Furthermore, lg G molecules by being smaller may be mo-e able 
-th«-IgK moleoule-s-to localize to tumor tissue 

T" U eWiden « th " ""element activation in vivo 
•ads to , variety of biological effects, including-^ 
indueuon of an inflammatory response and the activation of 
macrophages (Onanue and Benecerraf, ltu . Textb 0 ° ° f 

Immunology , -2nd- Edit^n u< 1 1 • 

y/ ' ^ nc fc a*tion, Williams & Wilkins pk m 

».», ^Turner cells are more sensitive to cy ^ I" 
Poste, 1982, Springer Semin. Inununopathol . 5- 161 174 



02341 22 

-10- 



of the type specified by this < „ 
therapeutically i n nany ^ and * 
Problem nonaally caused J S th a " d h may ClrCUn>Vent -ny of the 
Populations (since antigen ne!' 6 "^ ° f tum °* c.li ■ 

5 using the approach of th is in ^ b « 

p««*- oxycoupi, j t T g :: s 7z: on) - M * ui °^< 

Immunol. 2: 103-126, or L ( " ak ° mori < "84. Ann. Rev . 
•1- »85. Proc. Natl/^^r^^^^^^ 5 (N *»- - 

1*84. Proc. Natl . Acad . Sci S1 l""™ 1 ' * ,PrOW ' ki " 
10 such antigens could be used tn •* 216 " 2 19> relating to 

response in hunan cancer pat ^ ! " ^ ^ 
^ th._foa.tion of antibodies cap M " * reSP ° nS6 inCludes 
,- / cogent and nediating a nd b ^ 

— ^.^-tuaor destruction. y SUCh mech anisms cause 

■ 15 I*-.the._examples which illustrate m 

Present invention fou - inn • ^thods of the 

. VMC, a re •peeificfo*""^'"' - 
^Pressed by cells £„„ k 03 8an3llos "« "ti S e„ 

Cr assay). i£ cither compU ">o«-t.r» ( 2 or 4 hour 

*u»a„ se ru» or e££ -» l -«t is provided in £orm of 

l>"»an blood lymphocytes- " "* the for* o£ 

".both ^diate AECC and co-l«T, 2 T'"' ^ ' 
. Antibodies to either otZi^ ^ " 

««■•». P*7 a „d a prote Jl" a : nM :: aSSOCi " Cd 

30 P««iuc. either ADCC or c=„„ "tibodies failed t0 

A „tiotdi.s to P :r nt - dependent cyto - t °- i = 

1""9 carclnonia cells -hich^f 2 ""- i9 " s °" hu-.n 

»- «««. ADCC cr co„plel„ L "7" " «"■« "U- 

35 P-senc. of „o„sV ,or in- the - ~ 

—» «.n.pi. nt , of »„»„ LJ^r 1 ?' *" " «»roy 

8 ADCC when similarly tested could"" ' 
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not. Serum from patients with c,„ 

cancer, could serve as . source""? —» »»» ciseminated 
£r ° m «ith metastatic cal C °" PlMeBt - ly»phocyt„ 

»« could be made to do M <"= »ot mediate ADCC , 

5 «««or. The combination o£ t y „^*7 " T "«" govch 
I0GJ) and th. rioht £ ».»t .ntibody (lgG2i or 

possible an e£fectiv S c •»*•«• Qlyclipla, can 

"echanism. veU other k '"" ,9 . 0£ t—r cell, this 

ability to „ d h a r te ;^ lsms related " •» 

10 eo »Pl«.nt. can be used as a h ""*«. human 

human turner therapy. " * £ ° C the d ««lopment o£ 

- - -ur I3G3 

-Ji: J?scr_ibed that bind strong t0 ^ " d «-» are 

■ --?£ 3 They mediate loc' "he "" la "°-*"°=iated 

•"•etor cells, and two of tt . f k — M " ,d - rtt » ■<-» 
*«1 -lanom. ce lls in the ' h * " . I'"' H °- 21 - *-M. 



-I— ell. in the p s." e e T: S ' «* 
source of compLment. Antlb P °* h ™« H«- as a . 

-•"*-■»»• ««ector ceus v.lY AD « »1» 

° f t | h — — — in '"""t «. out S rowth 

ant lt umor antibodies which have been d^ ° th " 
— 2t!L~ tu " l «" tnes. characterist ca 

•»«.«ie taroets, a„ antibody to a ! T" PeCti " « 
25 -lanoma ceU, described by SchuL ""•« of 

=ci. „ SA 80! 54 o,. 5J urt s b as83 ' pr ° c - Bau - 

antitumor effect that appe S i"lt '° » 

51 _ .Hi 9 h cytolytic activity K ,Td t " ° f 2B2 " 

'cr-release . S5 ay S uhen hulan 1 ' h 2 in 

^»>ody ,„d tested "a^^V with 

^antigen, lymphocytes or a„ T ° 1 " 9 * amounts of 
"effecti,.. Si g „if ican r" r : b0dUS 

"tibody doses of 10 JI T, ^ «•» « •» " ■ 

"»■. ». A 0 CC effect „: an i" lth '« 9 et 

"Ot WW and the effect could . 
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be competitively inhibited bv 

tumor cells. * addltlon of ^Sen-positive 

Antibody 2B2 gave significant ADCC also with «.« 
spleen lymphocytes as effectors, but anti o y ^TLt 

•ctxvity of the two antibodies in mice grafted with . h 
melanoma expressing high levels of the GD3 antio 
2B2 effectively prevent.* * antigen. Antibody 

treatprf . y prevented tumor outgrowth in most of the 

*» .««. c £ Mt w;:; : :: a ----- : - - ^ 

conceivably have othe- ■ . COuld 

«««,. ,„ y tUBP ,_ r« r is ? ect antibo4y 

.. "6-510, and macroph, S e activation ^ ' "" r 44 ' 

,S " -Si-"ra-»nt-iboasr 2B2 could destroy small ,, „ . 
- -tumor i, pi „ trtB anfl ^cT.c J T dl ~f« 

in the presence c£ human rather th!„ activity was oreater 
' *ay speculate that it al,I I """^ ^""'V*". »"e 

-Ply penetrate p^ry S^^E * 
prognosis, studies on patients with - ther « £o «- Poor 
---illy, chosen for. pilot trUl " ^""^ <" 

that lymphocyte; from mo t £ ^'"f ^ * ^ ' 
5 si g „i f i C a„t A DC C. However, Z\Tc "l at ^ 

lymphocytes from these pat ents were T Wh ' n 
Srowth factor. P"""s were first exposed to T-c.ll 

Heus"o?e°t di :r "i 2 ; 8 rv na hg - 21 ace ais ° d — < ^ 

, "0 2 which is^'or o^teT:; ^enTh ^ ~ 

antibody i 8 '«i-« * -w . reI «"nce herein. The MC-21 

. m^vL^ . 

5624-013, which is < * d ° Cket " 

which ls incorporated by reference herein. 
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4 ' 2,2 * TREATMENT OF CARCINOMA 
An IgG2a antibody, L6, is described that is higMy 
specific for a ganglioside antigen expressed by cells f*-or 
most human non-small cell lung carcinomas, breast carcinomas 
and colon carcinomas. The L6 antibody and the antigen i* 
defines are described more fully in copending U.S. 
application Serial No . 684,759, filed December 21, 1984 an* 
in Serial No. 776,321, filed October 18, 1985 which are each 
incorporated by reference herein. 

The L6 antibody can mediate ADCC of the tumor target 
cells xn the presence of human lymphocytes or macrophaoes. 
in^dition, the L6 antibody can activate complement upon 
_bindxng_to the target tumor cell in the presence of human 
serum. Thus, the L6 antibody could be administered in viv 
for-the "therapy of lung, breast and/or colon carci 



o 

nomas . 



5. PREPARATION OF MONOC LONAL ANTIBOHTFC 

T . he ^sections below describe how the antibodies used 
: ~..in. the examples which fbllow were prepared. 
20 The binding assays used to characterize the specificity 

o. the antibodies were performed by using radiolabeled 
anybodies (Brown et al., 1981, Proc . Natl. Acad. Sci . 78- 
539-543); cultured cells (JO 6 ) were incubated at 4«C for 30 
mnutes with 10 6 cpm of . "^-labelled antibody in 100 ,1 of 
25 heat-inactivated (30 minutes at 56'C) fetal calf serum in 
culture medium. After the addition of 5 ml of PBS, the cells 
• were-pelleted by centrif ugation for 10 minutes at 250 x g 
The supernatant was aspirated and the pellet was assayed for 

I". -To measure nonspecific binding, parallel incubations 
were performed with 10 yg of unlabeled antibody as a 
competitor (Brown et al., 1981.. Proe. Natl. Acad. Sci. 78: - 
539-543). m some instances binding assays were carried out 
in an analogous fashion on cell monolayers attached to 
Plastic culture dishes. 
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5.1. MONOCLONAL ANTIBODIES DIRECTED 
AGAINST M ELANOMA CLYCOLIPIDS 
In order to prepare antibodies directed against tumor- 
associated glycolipid antigens of melanoma cells,- BALB/c mice 
5 were immunized with a melanoma cell line, SK-MEL-28, and 
their spleen cells subsequently were hybridized with NS-1 
cells. Hybridoma supernatants were screened tor binding to 
GD3 that had been isolated from melanoma tissue and attached 
to the surface of the wells of Falcon 3034 Microtest plates 
( as previously described (Yeh et al., 1982, Int. J. Cancer 29: 
269-275). irrelevant gangliosides were included as controls" 
Hybridomas 2B2 and IF4 were derived from one hybridization 
and hybridoma MG-21 , from a different one. MG-23 is an 
antibody that has characteristics similar to those of MG-21 
_ They were cloned twice by limiting dilution; all make 
antibodies that are lg G 3 according to gel diffusion. 

For comparison, two different antibodies, 96.5 and 48 7 
were used. The former is an IgG2a antibody directed against' 
. P97, a melanoma associated glycoprotein of M r 97,000 (Woodbury 
et al., 1980, Proc-. Natl. Acad. Sci. USA 77: 2183-2186; Brown 
et al., 1981, J. Immunol. 127: 539-546), and the latter is an 
I 9 G2b antibody specific for. a proteoglycan antigen expressed 
by most melanomas (Hellstrom et al . , 1983, J, Immunol. 130: 
1467-1472). These antibodies have not, in previous 
experiments, given significant ADCC or inhibition of human 
melanomas in nude mice. 

Antibodies were affinity-purified on a column of 
staphylococcal protein A covalently linked to Sepharose CL-43 
(Pharmacia) by elution with 0.1 M citrate buffer, P H 3.5 or 
4.5 (Brown et al., 1981, 3 . Immunol. 127: 539-546). 

Antibody specificity for. melanoma was established by 
bmding assays with cultured cells , as publishecTlor antibody 
<-2. (Yeh et al., 1982, Int. J. Cancer 29: 269-275; Nudelman 
et al., 1982, J. Biol. Chem. 257: 12752-12756). Specificity 
was confirmed by immunohistolog ical studies on frozen section 
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(Garrigues et al . , 1982, Int. J. Cancer 29: 511-515), in 
which antibodies 252, IF4, and MG-21 stained samples from 
approximately 80% of metastatic melanomas, whereas normal 
tissues, including kidney and brain, were not stained; the 
5 specificity data for 2B2 have been published (Hellstrom et 
al., 1984, Contributions to Oncology Series: Genes and 
Antigens in Cancer Cells, eds. Riethmuller, G., Koprowski, 
H., Van Kliest, S. & Munk, K. (Karger, Basel), pp. 121-131. 

10 5.2. MONOCLONAL ANTIBODIES DIRECTED AGAINST 

NON-SMALL CELL LUNG CARCINOMA GLYCOLIPID 

The L6 monoclonal a'ntibody was prepared as previously 

described in co-pending U.S. Application Serial No. 684,759 

filed December 21, 1984 and in co-pending U.S. Application 

Serial No. 776,321 filed October 18, 1985 each of which is 

.incorporated by reference herein. The preparation of 

monoclonal antibody L6 is described briefly below. 

Monoclonal antibodies were produced by immunizing 

three-month-old BALB/c mice with explanted cells from a human 

adenocarcinoma of the lung, 2981. The immunization was 

performed by injecting the mice intraperi toneally 4 times 

with approximately 10 7 cells. Three days after the last 

immunization, the spleens were removed, suspended in culture 

medium and fused with NS-1 mouse myeloma cells (Kohler and 

Milstein, 1975, Nature 256: 495-497). The mixtures were 

seeded to form low density cultures originating from single 

fused cells (clones); the techniques used for the 

hybridization have been previously described by Yeh et al., 

(1982, Int. J. Cancer 29: 269-275). 

Supernatants from hybrid cells were screened by using 

30 both an ELISA assay and an autoradiographic indirect *^ 5 I- 

labeled protein A assay (Brown et al., 1979, J. Immunol. 

Meth. 31: 201-209) against extracts from the tumors used ior 

immunization which contained, inter alia , cell membranes. 

These extracts were prepared using a procedure modified from 

35 



20 



25 



% 
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Colcher et al . (1981, Cancer Res. 41: 1451-1459; Yen et al . 
1952, int. J. Cancer 29: 269-275). To prepare the extracts' 
tissues were washed and suspended with PBS ; for intact tumors 
this was done by pressing through a stainless steel screen. 
5 After this, ImM NaHC0 3 containing 1 mM 

phenylmethylsulfonylfluoride < Calbiochem-Behring Corp., San 
Diego, CA) was added, and the material was then homogenized 
on ice. After centrif ugation for 15 minutes at 27,000 x g, 
the supernatant was removed, and the pellet was resuspended 
10 in PBS, sonicated for 1 minute, and stored at -70 C C. 

Hybridomas which produced antibodies binding to the cell 
membrane extracts were cloned, expanded in vitro, and further 
tested for antibody specif icity_.__ This testing was carried 
out by using an immunohistological technique (Garrigues et 
15 al., 1982, Int.- J. Carreer^: -511-515) , in which the ability 
of the antibodies to bind- to -fro-zen -sections of lung 
carcinomas, other tumors and normal human tissues were 
tested. Those hybridomas which produced antibody of apparent 
specificity for huma.n-ltmg-cancer were recloned/ expanded and 
20 injected into prista-he-piTO--£fir'ee-inonth old BALB/c mice, 
where they grew as ascites" tumors . 

Antibodies secreted into the ascites' were purified on 
protein A Sepharpse ( Ey_et_al_._,,„JX7.g, Immunochemistry , 15: 
429-436) or by gel filtration in Sephacryl S-300. Purified 
25 antibodies were used for further characterization which 
included additional specificity tests by immunohistology, 
binding assays on intact cells to determine which antibodies 
bound to the cell surface, and by. radioimmunoprecipitation 
tests . 

30 Monoclonal antibody. L6 wasr produced from the 

corresponding hybridoma as described above. 
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6 ' ASS " S " S£D Tn "'"'s aas.mjaasH^^ 

6 * 1 * IS07YPE PET ERMINATTftM 
Two techniques were used to deten,i no ,• 
, Ouchterlony immunodiffusion and an ac soc yP es < 

well plates. M " y Carried °« in 96 - 

For Ouchterlony immunodif fusion , an aliquot o£ 
supernatant of particular hybridoma cells „ as a • • 
center well of a 2% aaar plate Hon '"^ the 

mouse i fl isotypes a „H h 7 "ono-specif ic rabbit anti- 

-e plLed^t "T"' ™ 

-0,3 at room temperature r^^^rj 3 ;.;-"-- ^ * 

Flexible polyvinylchloride 96 well *l»t.«' , r 
coated with 0.1 mg/m i goat 1 Plates ^ostar) were 

hours at 37-c an n «*!-«>„.. Ig antibodies for 2 

nou.s at 37 C and countercoated with a 3. Bes , . 
-hours at 37»r Tho k»k 3*.BSA solution for 2 

c * The hybridoma supernatant « ae *k 
« 37-c for 2 hour,. „ t , s was J„ T»i t h PBS t "^"^ 

monospecific rabbit an*-* u tor - 2 hours with 

.-.«*«*«... ^ d ; r;:^::" 1 *' antibodi - c ° upi - 

-in,. plat es were ^^T^' 

«« t. w tmor cells (ce :::;i„r r u n: 4 to A r ect adcc 

CUs and were pr«cre,„eo for 1 ss th T • ~ 

10%) natural killer r-11 ° r equal to 
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were also included in two tests. Target cells <10 6 ) w tre 
l.sseled by incubation with 100 uCid Ci=37 GBo) or 51 C r fo~ 
hours at 37-c. after which they were washed thre< tin.es and 
resuspended in medium. The labeled cells were seeded (2 x 
10- cells per well in 20 ul) into „ icrotiter V -botto» plates 
(catalog no. 1-220-25X, Dynatech Laboratories, Alexandria 
VA). Purified antibody (100 vl per well) then was added ' 
followed by 2 x 10 5 lymphocytes per well in 100 ul- 
experiments with lower numbers of lymphocytes per well and ' 
with lower antibody concentrations also were carried out 
The mixtures were incubated for 2 or 4 hours (See Tables 'and 
text), after which the plates were centrifuged at 400 x g 
The supernatants were removed- and the radioactivity in 100 wl 
samples was measured with a -r-counter^ -jhere were two 
replicates per group; the variation between replicates was 
always less than 10%. Spontaneous release" was" def ineTas the 
cpa released into the medium from target cells that were 
osmotically lysed at the end of the assay. Percent 
cytotoxicity was calculated as • : 

experimental group release - sponianeTu^s release 

total release - spontaneous release * 10 ° 



6.2.1. ISOLATION OF LYMPHOCYTES AND 

CHARACTERIZATION OF EFFECTOR CELLS 
Two types of donors of human blood lymphocyte! and sera 
vere tested. First, we used healthy, adult human subjects 
25-45 years of age. Second, we tested patients with 
melanoma. After the blood samples were drawn using 20 units 
he P arin/ml of blood, lymphocytes were. separated on Ficoll- 
Hypaque (Hellstrom et al., mi, Int. J. Cancer 27': 281-285) 

^I! 0 !' t6StS d ° ne ° n l ^ oc ^- ^ozen in a mixture 

of 10% dimethylsulfoxide (DMSO) , 20%' fetal calf serum and " 
»MI culture medium (Grand Island Biological Company, Grand 
Island , r NY) as previously described (Hellstrom et al., l 98 l 
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Int. J. Cancer 27: 2B1-285) and were thawed at 37°c prior to 
testing . 

In order to characterize the effector cells, tests were 
performed in which lymphocyte preparations obtained by 
5 separation on Ficoll-Hypaque were incubated for 1 hour at 
37°C in plastic culture flasks to remove adherent cells, 
after which they were passed through a nylon wool column 
(Julius et al. f 1973, Eur. J. Immunol. 3: 645-649); the cells 
in the column effluents were used as a source of effector 

10 cells. In other tests, the Ficoll-Hypaque-purif ied 

lymphocytes were incubated for 1 hour at 37 °C with a mixture 
of anti-Leu-llb antibody ( Becton-Dickinson, Mt. View, CA) at 
a concentration of 0.1— ug/10 6 lymphocytes and rabbit serum 
diluted 1:5. .(as a source.of complement); this was done in 

15 order to ab6nTh" : ^ei'"ctivity~ mediated by natural killer (NK) 
cells "(Thompson *et"a"I77* 198'2, "Ameri can Association for 
Clinical Histocomp. Testing, 8th Annual Meeting, p. A23). 

6.2.2. TR^T^^'OF ^LYMPHOCYTES WITH T-CELL GROWTH FACTOR 
20 Peripheral blood . lymphocytes (10 6 /ml) were treated with 

T-cell growth- factor by incubating the lymphocytes in vitro 
for 5 days in the presence of 10% human T-cell growth factor 
(TGF, Geliu-Lar- Products,-^ I-nc, Buffalo, NY) 20% human AB 
serum and 70% RPMI culture medium. 

25 

6.2.3. TARGET CELLS 
Five different human melanoma lines from metastatic 
melanoma were used.- All- except one, M-2634, express. high 
levels of the GD3 antigen according to binding assays, which 

3Q were carried out as previously described (Yeh et al., 1982, 
Int. 3 . Cancer 29: 269-275; Nudelman et al., 1982, J. Biol. 
Chem. 257: 12752-12756). Four of the lines,- SK-MEL-28 
(Woodbury et al., 1980, Proc . Natl. Acad. Sci. USA 77, 2183- 
2186), M-2669 clone 13, M-2634, and M-2765, wer propagated 

35 In vitro.. The fifth line, M-2586, failed ta grow in vitro 



023412 

-20- 



and so was serially trans P i ant d in „ 

carcinoma line CH27 was used " ° 9 ^"chiai) 

serum as a source of „ ls ln the presence of ^ 

,0 similarly to th. assays for AD-e ° Ut 
fluted unheat.d human,,erl t s "dZ "° " " 

"stead of a suspension of effector ^ " le » t »" 
. . from normal human subjects — 

Ath ^ ^^^Tl^T^^ 1 ^^ 

. . «r. obtained from Charles nr «^T mmh -° U »i« 
housed ln f Ute( . top "« B ««««S laboratories and 

condominium units. " 1Ce pec ca 8«) placed i n 

20 mice were n>- a ** . 

•trasses both p97 ( «o 0 d OU r y ' *' ™ wh "" 
Sci. 0SA 77! „,,_„„, an / et 1»M. >roc. Hatl. 

»«. I"'- J- Cancer 29- 2 «, ' " """"* (Ieh « 1.. 
25 comprised 5 mice. This ,.„ Each ex P eri "»«tal group 

~. 9 »fted on ra :oth re ;;; n ";r — ^ 

(20 sites). The con trol group had l 0 

On the day after 
—after, thl -l."«^et^ °" ^ 
3 0 -9 of antibody i„ phosphate-Lf f .1'" V? " U > 1 

Oosen to provide excess a„J " U " e! th " d °» »« 

"•P«««. 9,oups receive" antLT " '"«ed mice., 
combination of the thre t ^t ' " M " S " ' 

o.-third of the dose of each ^l . T* "^"^ »*» 
35 ""body injections „ ere ; V C /"^ ^J- * total of six 

-n, at 3r day. intervals. 1", 
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control group was inieet.»rt u ,-»v 

injected with equivalent volumes of r..w 
medium at the same times. culture 

The mice were inspected three times weekly ove- a De >- iori 
of 6 months, by the end of the 6 months all LI 
5 »ice had died from tumor. At each 

perpendicular diameters of each palpable tumor were measured 
and mean tumor diameters ( ±S E> were calculated; a tumor i 
considered palpable herein when its mean diame er " e e ~ 

7 * MONOCLONA L ANTIBOny MG-21 

Hybridoma MG-21 was derived. from one-hybridization of 
mouse spleen cells • • jr""-Aaization of 

pieen cells from. mice immunized with the hua-n 

melanoma cell line sjc-mft" <>o .---r— — --" -~ ■ 

SK-MEL-28 as described in Section 5 1 

««.».t th. GD3 antioen o£ human ^ " ollo " nc 
•ub S ect 10 „s describe the results o£ viriou 'I 11 ™' . 

demonstrate the ability of .ntibod?— SPs. . T 

/ "" PO C y "G-21 to induce £Dcr 

and/or complement mediated killina B f M ," 

h- e „u . "Aung of .melanoma cells. MG-2-* 

has characteristics similar to that of MG-21. 

7.1. ANTIBODY DEPENDENT ^-nLAR-C.TnT^^ .,. 

in the first set of experiments the M-2669 cell line 
which are human melanoma cells exores^n ' 
molecules per cell 0 f GB3 , ? 9 ^ than 100 ' 0 °° 

with purified MG-21 Ind ^ — -cubated 

purified MG-21 and peripheral blood lymphocytes from a 
normal human subject. The ri*«-» Pnocytes trom a 

th,*- c- Presented In Table I indicate 

that significant kiH ing of tne „ cells was 

observed. in fart e^-i*- * " - - - cens was 

target cell! : S19niflCant kii ^ng of the melanoma 

target cells was observed even at a small antibody 

ant Li ! ^ C ° ntraSt ' iy-Phocytes alone, the MG-21 
antibody alone, or. lymphocytes intubated with either Jtibody. 
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96.5 which is directed against p97, a tumor-associated 
protein antigen, and antibody 48.7 directed against a 
proteoglycan also expressed strongly by the same melanoma 
cells, did not cause significant release of isotope. 



5 



10 



TABLE I 

ADCC against M-2669 Melanoma Cells as Targets 
With Human Lymphocytes Combined with Antibody 
HG-21 or Control Antibodies 96.5 and 48.7 

% Cytotoxicity of M-2669 Target Cells 

RATI0 K W-21 . 96.5 48.7 

Human Lymphocytes (uo/ml) (vq/ml) (uo/ml) 

Per Taroet Cell Mo' ^ 10 t"Q/gi) 

is -_..7..'„ loxr ~ rr '~ r ~" ""1 ~~ 82 _ 76 ° 0 

10 ""64 52 ND ND 

1 14 13 ND ' ND 

~~TytoWrc^ was determined in 4-hr 51 Cr-release assay. 
Antibodies -ritme-gaw -no cytotoxicity and lymphocytes alone 
20 9 ave less than -or equal to 5% cytotoxicity. 

ND, not done . 
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The results in Table II show that incubation of the 
25 lymphocytes from normal subjects with anti-Leu-llb antibody 
and complement abolished the ability of the lymphocytes to 
lyse the target cells ( i^, to mediate ADCC) in the presence 
of MG-21. This "indicates that the lymphocytes had the 
characteristics of natural killer (NK) cells (Thompson, et 
al., 1982, Am. Assoc. for Clinical Histocompatibility 
Testing, 8th Annual- Meeting, p. A23) . 



35 



-23- 



0234122 



TABLE II 

Inhibition of ADCC against H-2669 Melanoma Cells 

5 Subiect CitS^i?? ^J™**" from a Normal 

.. Subject with Anti-Leu-llh, Antibody and Complement 

Trpahmom- ~f % Cvtolvs is * 

Wscyt.s Lynpnocy,., + MG— ^ 1 

— alone (10 up/ml) 

None 

10 (culture medium) ■» 

J 24 

Complement j 
Anti-Leu-llb and 

Complement 2 
... ... -iu- lymphocytes per target cell 



22 



in view of the interest in developing therapy for human 
^cancer, the next step was to investigate whether lymphocytes 
20 from patients with disseminated metastases could se>- V e as 

effector cells in the ADCC assays, since these patients would 
most likely be the first candidates for therapeutic trials. 
As .„ shown in Tafale 11Jf lynipnocytes from such ^^^^ 

to mediate significant ADCC. However, significant killing by 
25 lymphocytes alone and an even greater killing by lymphocytes 
and MG-21 antibody was observed, if the lymphocytes were 
fxrst incubated with a preparation containing a T-cell growth 
-factor for 5 days; see Table IV. 



30 
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TABLE III 

ADCC against M-2669 Melanoma Cells and 
Lymphocytes from Normal Subjects or Melanoma 
Patients Combined With Antibody MG-21 

5 " 

Human % Cytotoxicity of M-2669 Target Cells 

Lymphocyte 

Donor No Antibody MG-21 

Normal Subjects 

H-l 6 51 

10 N " 3 6 55 

Stage IV Melanoma 

M-3 4 2 

M-5 ■ 3 7 



15 



20 



25 



30 



35 



Stage I Melanoma 

m-2 '--i^i^^z: si. 



100 effector cells ( lymphocyfesT/target cell -( M-2-669 >- and-50 
vg/ml MG-21. 
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TABLE IV 

NK Activity and ADCC against H-2669 Melanoma Cells and 
Lymohocytes Incubated In Vitro with T-Cell Growth 
Factor (IL-2) for 5 Days Prior to Combining them 
with Antibody MG-21 and Target Cells 





Lvmohocvtes 




% Cytotoxicity of 
H-2669 Taraet Cells 


10 


Donor 


Ratio 
to 

Taraet Cell 


HG-21 
( pa/ml) 


Lvmohocytes 
Un- TCGF 
Treated Treated 




Stage IV 
Prostate 
Carcinoma 


10 


0 
10 


0 20 
6 36 


15 


Stage I" 

Breast 

Carcinoma 


10 


0 
10 


2 68 

25 85 . 






1 


0 ' 
10 


2 29 
11 55 



7.2. COMPLEMENT-HEDIATED CYTOTOXICITY ASSAY _ ■_ 

The cytotoxicity of antibody MG-21 to GD3-positive 
melanoma cells in the presence of human serum as a source of 

25 complement was determined using a 4-hr Cr-release -assay. 

similar to the ADCC assay but adding undiluted unheated human 
serum instead of lymphocytes. As shown in Tables V and VI 
antibody MG-21 gave a strong cytotoxic effect in the presence 
of human serum. Heat inactivation (56°C for 30 minutes) of 

30 the human serum abolished its effect. - : 

The results in Table V demonstrate that up to 100% or 
the target cells were lysed when antibody MG-21 and human., 
serum were both added. Antibody MG-21 alone and human serum 



35 



-26- 



0234122 



alone had no cytolytic eff ct 



10 



15 



20 



TABLE V 

Lysis of Tumor Cell* k . 

Target Gn , " ~ 0t Co ™H_lenient_ 



GD3 
Express 



SK-MEL-28 +++ 



_ , HG-21 
50 




M-2669 

M-2765 
H-3021 
H-2722 



+++ 



+++ 



Active 

Active 

Active..:. 
Active 



50 
10 

-- 1 

' 50 - 

"~ib" 
— i- 

50 
10 



"50- 



50 
10 



30 
2 

T =\. 0 

"—-—-100 

58 

— -J— 

100 
77 

. . 0 
0 

1 
3 



25 



^F^SlfolfT^e^ined in a 4 51 • ' 

—3 , t . c -u.- K'i^^Sgrsss'r- 
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The results in Table vt h 

"tidies S6 . 5 and ^Vn"""" «•« * _con trast to 
«l»n« M -„, ocii J <8 -' -Kiel, ere specific to „ 

«.P.=tl..i y . £ailed J ^f"; 1 " «" * P«tec 9iycan ; 

of co np l einent . ; kU1 th V"- J .«».'« ae t-ceir in the 
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10 



15 



TABLE VI 

rfi°? P 1 w ement Mediated Lysis of M-2669 Tar-t 
Cells by MG-21 Directed Against GD2 Ji an ' n 1\ 
Antigen as Compared to that of Antibodies 

Aoaxnst Helanoma-A SSO o,- a , ad Prote?n wf^* 0 



% Complement Dependent Lysis 
of H-2669 Target r,n. 



Antibody 
MG-21 
96.5 
4 8.7 



Antibody Concentration (uo/mM 
50 10 
64 24 



3 
1 



2 
7 



associated proteoalvcan anM«*«. Zllu » ?? s a melanoma- 
strongly ex^ressS^^s^rlace ol^Lf Sg^ce^. 



cancer I dTOl ^ i »" for h».n 

cancer, the next step was to inyestigate whether serum from 
patients with disseminated metastases could serve as an 
adequate source of complement with antibody MG-21 . The 
results in Table VII demonstrate that the complement 
25 dependent cytotoxicity of MG-21 was even slightly greater 

with serum derived from a patient with Stage IV melanoma than 
with serum from a normal subject. 
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TABLE VII " 



Serum 
Ponor 

Normal 

Stage IV 
Melanoma 
M-7 




83 



64 



*° n^icUetion of ^ « 1 «« each d „ iued frM Me . 
*«n „elanoma c . n SK . HE ™ with the 

*;>• Th. *o„o=lo„al . Btlh J ^ » in Section 

'.Xlo-i^ sections e ^ ^T * ela "°'- »» 
25 "-o».«»t. the aMUty of k °* 

«ti body depen<Jent ceu „;^' y ° f " tlb ^y 2B2 to induce 

lines which e« P , ess „, or """'"""s h».„ melanoma ceU 
— al blood lym ; ocy - : ;r « : ; Uh p i, JB2 

a normal human 



and 
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subject or from mice. The data pr sented in Table VIII 
indicates that significant killing was observed. 



TABLE VIII 

ADCC Against Tumor Cells as Targets and 
Lymphocytes Combined With Anti-GD3 Antibody 252 



Target 
Cell 



LvmDhocvtes 



% 



Donor No. /Target Cell Antibodv( va/ml) Cytotoxicity 



SK-MEL-28 Human 
10 (GD3+) 



15" 



M-266 9" 
(GD3+) 



House 



Human 



20 



25 



CH27 
(GD3-) 



Human 



100 



0 

100 
. 100 
0 

100 
100 
10 
1 

100 
100 

100 

0 



2B2 



48.7 

2B2 

IF4 
2B2 



96.5 
48.7 

2B2 



10.0 


37 


1.0 




0.1 


20 


0.01 


8 


0 


5 


10.0 


U 


10.0 


0 


10.0 


21 


0 


1 


10.0 


1 


10.0 


4 


10.0 


68 


1.0 


50 


10.0 


40 


1.0 


17 


10.0 


13 


1.0 


7 


10.0 


0 


10.0 


0 


10.0 


0 


0 


0 


10.0 


0 


51 Cr-release assay, 



u _ — I 1 " " maa wuc target ceil in 

which case cytotoxicity was determined in 4-hr incubations. 
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By contrast, the lymphocytes alone, the 2B2 antibody 
alone or lymphocytes incubated with either antibody 96.5 
which is directed against p97, a tumor-associated 
glycoprotein antigen and antibody 48.7 directed against a 
proteoglycan also expressed strongly by the same melanoma 
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cells and did not cause significant release or isotope. 
Antibody 232 and lymphocytes had no eftect on target cells 
from a control tumor, CH27, which does not express the GD3 
antigen. Antibody 2B2 also gave significant- ADCC with mouse 
5 spleen lymphocytes as effectors, but antibody IF4 did not. 

The ADCC activity of antibody 2B2 was evaluated in the 
presence of lymphocytes from five different normal donors. 
As shown in Table IX, effector cells from each of the donors 
«I0 gave strong ADCC. 



- -.: TABLE IX 

..... 71APCC Against M-2669 C< 

~15 



'1ADCC Against M-2669 Cells as Targets and Lymphocytes 
from Normal Subjects Combined with Antibody 2B2 



- ;20 



Normal 

Human Cytotoxicity of M-2669 Target Cells 

Lymphocyte Ratio of LvmDhocvte :Taraet Cell 

Donor 100;1 1Q : i . 

A* 82 50 

B 55 26 

c 64 ND 

D 85 ND 



25 E 88 ND 

Cytotoxicity was determined in a 4-hr 51 Cr-release 
assay. Antibody alone gave no cytotoxicity and lymphocytes 
- alone, gave less than or equal to 5% cytotoxicity. ND, not 
done 



30 

" It- was also- invest igated whether lymphocytes from 

patients with disseminated metastases could serve as ettector 
cells in the ADCC assay with antibody 2B2. 
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As shown in Table X, lymphocytes from such patients failed to 
mediate ADCC. These data are similar to those given in Table 
III for MG-21. 



TABLE X 

ADCC Against M-2669 Cells as Targets and Lymphocytes 

from Normal Subjects of Melanoma Patients 
When Combined With Antibody 2B2 

<]0 Human % Cytotoxicity of M-2669 Target Cells 

Lymphocyte — " ' " " — ~ 

Donor No Antibody 23 2 

Normal Subjects 

N-l 6 34 

N-3 6 38 



15 



Stage IV Melanoma 

M-3 - 4 - ■ 3 

M-5 " 5 



Stage I Melanoma 

M-2 0 15 



20 100 effector cells ( lymp hocytes) /target cell (M-2669) 

and 50 ug/ml 2B2. - - . . : .2 . 



8.2. COMPLEMENT-MEDIATED- CYTOTOXICITY ASSAY 
The cytotoxicity of GD3-positive melanoma in the 
presence of human serum as a source of complement was 
determined using a 4-hour 51 Cr-release assay similar to the 
ADCC assay but adding undiluted unheated human serum instead 
of lymphocytes. Unlike antibody-MG-21 , antibody 2B2 gave no 
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8 .3. ANTITUMOR EFFECTS OF AN TIBODY 2B2 IN VIVO 
we tested whether antibodies 2B2 or IF4 had any 
antitumor effect in vivo. These antibodies were chosen 
because 2B2 but not IF4 gave ADCC with mouse effector cells 
5 (see Table VIII). Melanoma H-2586 was used as a target, 

since it grows extremely well in nude mice, expresses the GD3 
antioen, can be used as a target for 2B2-mediated ADCC, anc 
can comoetitively inhibit ADCC against SK-MEL-28 cells. M- 
- 2586 was grafted onto both flanks of nude mice, ano the mice 
„ were injected with a dose of antibody expected to give a 
blood concentration exceeding that needed for ADCC in vivo. 
Anti-p97 antibody 96.5 was tested in parallel, as was a 
" .^.combination of all three antibodies (same total antibooy 

• T •. . concentration) . 
-Z^ ;_ ~ ,- As L. shown in Table XI, antibody 2B2 almost completely 
-, 15 - supr«sed-the.outgrowth of melanoma grafts, with only 1 of 10 
injected sites having a detectable tumor four months after 
crafting, as compared to 19 of 20 sites in the control. The 

; m£ il implanted, tumor pieces thus had been rejected at all 10 

•-— Tftes-in the 2B2 group except for one. Six months after 

^grafting, 4 mice in the 2B2 group survived, tumor-free, but 
- • all the controls were dead with large (greater than 15-mm 

.diameter) tumors. Neither antibody 96.5 nor antibody IF4 

inhibited tumor outgrowth. The group receiving a combination 
of antibodies 2B2, IF4, and 96.5 also showed inhibition, with 
25 3 of 10 sites developing progressively growing tumors. 
The inhibition mediated by antibody 2B2 was 
. . statistically significant from 2 months after tumors were 

imolanted whether the comparison with the control group was 
--■ --mace- on the basis of the number of sites with tumor, using a 
30 Fischer table (P less than 0.001), or on the basis of mean 
• tumor diameters-using Student's t test (P less_.than.0-.001)... 
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TABLE XI 



Antibody 2B2 Inhibits Outgrowth 
5 of Human Melanoma in Nude Mice 







Sites with 
number 


tumor/total 
of sites 




Treatment 


2 months 

after 
transplant 


4 months 

after 
transDiant* 


10 


Control (culture medium) 


18/20 


19/20 




Antibody 2B2 (anti-GD3) 


1/10 


1/10 




. Antibody -IF4 (,anti-GD3) 


8/10 


10/10 


15- 


Antibody 96 .5 ( antij;p97 ) 


9/10 


10/10 




-Combination- (-2B2, -IF4,-and 96,5) 


3/10 


3/10 



A 1 x 1 mm tumor piece (human melanoma M-2586) was ■ 
grafted on each flank of nude mice. The next day and at five 
sub seguent times, at 3-day intervals, they were injected 
. intravenously with 1 mg of antibody. There were 5 mice (10 
20 sites) p*?7g roup; except for the control, which had 10 mice 
(20 sites). . 

*A11 mice were dead at 6 months after transplantation 
except for .4 of the 5 mice who received antibody 2B2 and 2 of 
the 5 mice who received the combination; these mice were aU 
-a!4-ve-and-tumor-4ree . 



25 — ■ 

9. MONOCLONAL ANTIBODY L6 

Hybridoma L6 was derived from one hybridization of 

spleen cells from mice immunized with a human adenocarcimona 

of the lung, 2981 as described in Section 5.2. The 
30 " { , - - 

monoclonal antibody : L6 is an IgG2a antibody directed against 

a ganglioside antigen expressed in large amounts at the 

"surface of cells from non-small cell lung carcinoma and 

certain other tumors. The following subsections describe the 

results of various assays that demonstrate the ability of 
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antibody L6 to lBdue M dep , nd . nt 
cytotoxicity and/or compUment m - »« X« 

.« B .»9ll..id. antigen <„ove lo0 P , OO0 nol ecul s " 
" hIe '«■•« «». "pressing uttu Jant^ 
"ll.d, see TaMe XII . too „g the ceil Un" ' "~ 
" antigen, cell line 2m „°, , U "« S «P"»ing much 

»« ««. The , ££ . ctor eel" : e -e 0 :;; s ; tiv< tarset th " 

«tig.n, and therefor. the 

:.U -Mdiating «,cc of """" t0 the «"« 

-^ t «s t -!-.„tL: s : ::\r" ne * o£ M °- n - * 

- •«P,e SS ed- by -t-he target c! 11 „ e ' ^ ^ 

ADCC. 2981 could not mediate 



10 
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TABLE XII 

ADCC cf Antibody L6 as Assayed Against Different .Target ' Ccixs 

% Cytotoxicity of Target 
Human Cells with L6 Antibody 
ua/ml 

(5 To 50 



10 



CH27 


100 


10 


40 


46 


(L6+) 












0 


ND 


ND 


0 


2981 


100 


ND 


66-84* 


ND 


(L6+) 












10 


13 


37 


44 




1 


2 


10 


10 


2964 


100 


2 


13~" 


12 



15 (L6-) . _ ;-;/•- - 

Cytotoxicity determined in a 4-hr ^Cr-release-assay. 
* These results are based on five pools of L6 antibody 
which had the following toxicity values: 66, 74, 76/ 83, 84. 
ND, no data . 



20 



9.2. COMPLEMENT-MEDIATED CYTOTOXICITY ASSAY 
The experiment in Table XIII demonstrates that antibody 
L6, in the presence of human serum as a source of co mplemen t , 
can lyse tumor cells expressing the L6 ganglioside antigen 

25 

but not cells lacking the antigen; the latter cells, which 
were GD3 positive, were lysed by complement activated by the 
antibody MG-21 thus demonstrating that the complement used in 
the assay was not inactivated. 

30 



Ta rg e t Ly mp h o c y t e s 
Cell No. /Target Cell 
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TABLE XIII 

Cytotoxicity Activity or Antibody L6 In the Presence 
of Unheated Human Serum as a Source of Complement. 



5 Tarcet Cells Taroet Cell Treatment % Complement 

Antigen Dependent 
Type Expressed Complement Antibody (ug/ml ) Cytotoxic* tv 

2981 L6 + L6 50 54 

10 43 

1 1 

10 0 3 

0 50 1 

10 3 
0 0 

2669 GD3 + L6 50— • - 0"" 

10 •:. ;0 _. 

15 0- ^0.= 

+ MG-21 ~~50 -79- 

10 67 

0 50 0 

0 _ 1 — _0- 

20 — — - 



Antibodies to three protein antigens expressed by the 
target cell line 2981 which was used in the experiments in 
Table XIII could not activate complement-dependent 
cytotoxicity j see Table XIV. 
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TABLE XIV 

Comparison of Complement-Dependent 
5 Cytotoxicity of Several Antibodies Capable 

of Binding to Lung Carcimona Cell Line 2981 

Antibody % Complement Dependent 

( 10ug/ml) Cytotoxicity of 2981 

L6 34 

10 L3 3 

L5 6 

L18 5 

None 1 

15 — 



Antibodies L3, L5 and L18 are directed against protein 
antigens expressed by 2981 cells. 



10. DEPOSIT OF CELL LINES 
20 The following cell lines have been deposited with the 

ATCC, Rockville MD, and have been assigned the following 
accession numbers: 

Cell Line Accession Number 

25 MG-21 HB 9011 

L6 HB 8677 

The present invention has been described in detail with 
particular reference to the above embodiments. It will be 
understood, however, that the present invention is not to be 
30 limited in scope by the embodiments disclosed or ceii lines 
deposited which are intended as illustrations of aspects of 

the invention. 

Indeed, various modifications of the invention in 
addition to those shown and described herein will become 

35 
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apparent to those skilled in the art from the foregoing 
description. Such modifications are intended to fall within 
the scope of the appended claims. 



i 

I 
I 



10 



15 



20 



25 . 



30 
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CLAIMS: 
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1. An antibody for treatment of a tumor which conprises a 
purified or partially purified antibody molecule which is directed 
against a glycolipid antigen e^ressed by a tumor and which conprises 
an immunoglobulin subclass that upon conplexing with the glycolipid 

5 tumor-associated antigen activates serum conplement or mediates 
antibody dependent cellular cytotoxicity so that the cells of the 
tumor are killed. 

2. An antibody according to claim 1 in which the antibody 
10 conprises a monoclonal antibody. 

3. An antibody according to claim 1 or 2 in which the antibody 
conprises an IgM immunoglobulin. 

15 4. An antibody according to claim 1 or 2 in which the antibody., 
conprises an IgG immunoglobulin. _ 

5. An antibody according to claim 1 or 2 in which the antibody 
conprises an IgGl immunoglobulin. 

20 

6. An antibody according to claim 1 or 2 in which the antibody 
conprises an Ic£3 immunoglobulin. 

7. An antibody according to claim 6 in which the antibody 

25 conprises M3-21 which is specific for GD3 ganglioside antigen ~*. ' 
expressed by human melanoma cells. 

8. An antibody according to claim 1 or 2 in which the antibody 
conprises an Ic£2a immunoglobulin. 

30 . . ; . 1 ■ : 

9. An antibody according to claim 8 in which the antibody — " 
conprises IB which is specific for a ganglioside antigen expressed by 
human non-small -cell lung carcinoma cells. 
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10. An antibody according to claim 1 for treating a human 
melanoma comprising an effective dose of an IgG3 antibody nolecule 
which is directed against a GD3 glycolipid antigen expressed by the 
melanoma and which upon conplexing with the GD3 antigen activates 

5 serum complement or mediates antibody dependent cellular cytotoxicity 
so that the cells of the tumor are killed. 

11. An antibody according to claim 1 for treating a human glioma 
causing an effective dose of an IgG3 antibody molecule which is 

10 directed against a GD3 glycolipid antigen expressed by the glioma and 
which upon conplexing with the GD3 antigen activates serum complement 
or mediates antibody dependent cellular cytotoxicity so that the cells 
of the tumor are killed. 



15 



12. An antibody according to either of claims 10 and 'i£% ^ vhW 
the antibody comprises M3-21. ' ^rr _= . 



13. A method of producing an antibody for treatment of a tumor 
comprising identifying an antibody nolecule which is directed^gainst" 
a glycolipid antigen expressed by a tumor and which comprises "^.!" ' 
immunoglobulin subclass that upon conplexing with the glycolipid""" '~ 
tumor-associated antigen activates serum complement or mediates™ 
antibody dependent cellular cytotoxicity so that the ceUs-^f-the— 
tumor are killed and isolating said antibody from the tissues or 
•5 cellular materials in which the antibody is produced. ■ 

14. A method according to claim 13 wherein cell hybrids are 
formed to produce monoclonal antibodies. " " 

15; Use of an antibody as defined in claim 1 for the '"^^ ■ 1 
; rj?* e ^ t . ion of a"tuibr treatment agent. " ' — - 



i 
% 

f 

i 
< 

i. 
t 



- 39 - 

CLAIMS: 0234122 

1. A method for producing an antibody for treatment of a tumor 
comprising identifying an antibody molecule which is directed against 
a glycolipid antigen expressed by the tumor and which comprises an 

: immunoglobulin subclass that upon completing with the glycolipid 
tumor-associated antigen activates serum complement or mediates 
antibody dependent cellular cytotoxicity (so that the cells of the 
tumor are killed) and isolating said antibody from tissues or cellular 
material in which the antibody is produced. 

2. A method according to claim 1 wherein cell hybrids are formed 
to produced monoclonal antibodys. 



|_ 3. A method according to either of claims 1 and 2 in which the 

.. ... antibody produced comprises a monoclonal antibody. 

l—io~ 

4. A method according to any one of claims 1 to 3 in which the 



antibody produced comprises an IgM immunoglobulin. 



I_ _! . 5 * Anethod according to any one of claims 1 to 3 in which the 
v~ - antibody produced comprises an IgG' immunoglobulin. 



1 6 * A * ethod accord ing to any one of claims 1 to 3 in which the 

I " antibody produced comprises a IgGl imnunoglobulin. 
I 20 

7. A method according to any one of claims 1 to 3 -in ^which the 
antibody produced comprises an JgG3 imnunoglobulin. 

8. A method according to claim 7 in which the antibody produced 
. "I: comprises MG-21 which is specific for a GD3 ganglioside antigen 
.,r , , e3 9? ressed huwan melanoma- cells. 

9. A method according to any one of claims 1 to 3 in which the 
antibody produced comprises an IgG2a immunoglobulin.,-.,. , - 

•3U- ■ *■ - .. . _ _ . . . . 
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10. A method according to claim 9 in which the antibody produced 
comprises L6 which is specific for a ganglioside antigen expressed by 
human non-small cell lung carcinoma cells. 

5 11. A method according to either of claims 1 and 2 wherein the 

antibody produced is for treating a human melanoma, and comprises 
an IgG3 antibody molecule which is directed against a GD3 glycolipid 
antigen expressed by the melanoma and which upon conplexing with the 
GD3 antigen activates serum complement or mediates antibody dependent 
10 cellular cytotoxicity. 

12. A method according to either of claims 1 and 2 wherein the 
antibody produced is for treating a human glioma and comprises an IgG3 
antibody molecule which is directed against a GD3 glycolipid antigen 
15 expressed by the glioma and which upon complexing with the GD3 antigen " ; 
activates serum complement or mediates antibody dependent- cellular™-^ 
cytotoxicity. 



13. A method according to either of claims 11 and 12 in which the 
20 antibody produced comprises M3-21. t^t-; 



14. Use of an antibody as defined in claim 1 for the 
preparation of a tumor treatment agent. 




